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TITLE OF THE INVENTION 

CASTING TOOL 

Claim 2: 

A cast alloy iron tool comprising being made of a material 
comprising 3.0-7 .0% of C, 5.0% or less of Si, 3,0% or less of Mn, 
0 5-40,0% of Ni, 0.5-20.0% of Cr, and one or more of 0.5-30 0% of Cu, 
0.1-30.0% of Co, 0.1-10.0% of Mo, 0.1-10.0% of W, 0 05-5,0% of V, 
0.01-3,0% of Nb, 0.01-3.0% of Zr and 0.01-3.0% of Ti, the balance being 
substantially Fe, having a graphite area ratio of 5.0% or more, and a 
precipitated carbide or carbonitride area ratio of 1.0% or more 

Page 2, right upper-side column, line 9 to left lower-side column, line 
18; 
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JPjrobkm^^ 

The object of the present in^e ntm^ 
tool excellen t in seizure resistance^ w ejrj^^ 
t mide shoe, plug, etc used ffojnanu fagtu^fs^ 
Structures of the present invention 

[Means for Solving the Problems] 

The cast alloy iron tool comprises being made of a material 
comprising 3.0-7.0% of C, 5 .0% or less of Si, 3.0% or less of Mn 5 
0.5-40.0% of Ni, 0 5-20 0% of Cr, the balance being substantially Fe, 
wherein a graphite area ratio of 5,0% or more, and a precipitated carbide or 
carbonitride area ratio of 1 0% or more, 

As the composition of the cast alloy iron, it is preferable to use a cast 
alloy having a composition comprising, in addition to the above, one or 
more of 0 .5-30 0% of Cu, 0. 1-30. 0% of Co, 0.1-10.0% of Mo, 0.1-10,0% 
of W, 0.05-5.0% of V, 0.01-3.0% of Nb, 0.01-3.0% of Zr and 0 01-3 0% of 
Ti, thereby making it possible to improve the properties of the cast alloy 

iron tool, 

In any comims ltosjTie^ 

alloy iron is c<mverted jo_a^ 

elements of Ni. C. Mn. Cr, Mo^ etc^ ™ BS 

joajrjx^ and the use of the cast alloy iron should be appropriately 
distinguished in accordance with the properties required for the tool,, In 
outline, in the case of 5% or less of Ni, there is obtained a martensite phase 
system, while in the case of 8% or more, there is obtained an austenite 
phase system, and in the case therebetween, there is obtained an admixed 
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two-phases system. 



Page 2, right lower-side column, lines 12-15: 

The wear resistance is achieved by the dispersion of hard particles. 
The hard particles are mainly crystallized carbides or carbonitrides of Cr, 
and it can be improved by securing the area ratio of 1 0% 

Page 3, left upper-side column, lines 10-14: 

Ni: 0. 5-40.4% 

Not only promoting the graphitization but also increasing toughness 
Although this effect is recognized in an amount of 0.5% or more, and is 
further obtained in a wide range, when the Ni content exceeds 40%, there 
is found a tendency to disturb the graphitization. 

Page 3, left upper-side column, lines 15-18: 

Cr: 0 5-20.0% 

As mentioned above, by forming carbides thereof, the wear 
resistance, particularly, wear resistance at a high temperature is improved. 
However, since it disturbs the graphitization, its range should be limited 
within the above 

Page 3, left lower-side column, lines 4-14: 

[Example] 

Using a high-frequency induction furnace, alloy irons shown in a 
table (at page 4) were solved to cast by a treatment for subjecting graphites 
to spheroidizing by inoculating Ni-Mg.. Test materials can be classified as 
follows 

3 
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(Present Invention),., ^A^M^^J^Sl^^ 

Nos. 6-9: Anstenite fihagesKgtom^ 

(Comparative Examples) No. 10: 1.5C-24Cr-4Ni system, 

No. 11: 1.3C-35Ni-35Cr system, 
No. 12: Ductile cast iron, and 
No, 1 3 : "Ni-Resist" (a wear-resistant alloy) . 
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We, GOETZBWBRKE PRTED- 
Rlfcfi GOETZE AKTIENGESBLL- 
SCHAFT, a Body Corporate organised and 
csriatiijB under the laws of the Federal Re- 
5 public of Germany, of EflrgeimeistEr- 
Scranjdt-StMsse 17, 5763 BuracheicL Ger- 
many, do hereby declare the invention, fur 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
10- performed, to be particularly described in 
and by the following statement: — 

The present invention relates to a wear- 
resktant east iron alloy suitable for the con- 
struction of machine parts subject to high 
15 fticdoneJ stresses. 

Machine elements subjected to friction are 
strongly stressed both with regard to ww 
and thermally, so that particularly high 
demands hare to be made on their materials. 
20 Certain xnachine dements, such as the piston 
rings of internal combustion engines and the 
sealing strips of rotary piston engines, are 
furthermore subjected to particulady heavy 
stresses, Experience has shown that oiuy very 
25 expensive materials of complicated manufac- 
ture withstand such high stresses. Usually, 
these materials are sintered mend carbides, 
to which very specific alloying elements have 
been added. 

30 The sorts of cast iron so far tested, how- 
ever, cannot be used fur these highly stressed 
machine parts. It is known that the wear 



resistance of cast iron can be increased by 
the addition of alloying elements. On solidifi- 
cation of the cast iron, however, *ese ele- 
ments form relatively coarse grains and very 
hard carbides, which then cause damage, 
accompanied hy scoring, tc» tbe contacting 
surfaces, At the same time, carbide formation 
uses up the greater part of the carbon, so that 
these alloys do not contain In their structure . 
the necessary graphite for emergency run- 
ning of machine dements. Furthermore, these 
materials are so brittle that they ate unable 
to withstand mechanical stresses and there- 
fore break. 

In accordance with the present invention 
there is provided a wear-resistant cast iron 
alley, suitable for the construction of machine 
parts subject to Ugh frictions! stresses, the 
alloy 



1.5 to 4.0% by weight of carbon 
1.5 to o".0% by weight of sib'cun 
less than 0.2% by weight of sulphur 
less then 2.5% by weight of phosphorus 
1.0 to 7.0% by weight of copper . 
0.4 to 3.2% by weight of nickel and/or 
cobalt 

0.1 to 1.8% by weight of tin and/or anti- 
mony 

0.1 to 4X>% by weight of molybdenum 
0.1 to 4.0% by weight of tungsten 
0.05 to 25% by weight of manganese 
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03 to 2.5% by weight Of chromium 
03 to 4j0% by wdght of vanadium 
0 to 2.0% by weight of titanium 
0.1 to 4.0% by weight of niobium and/or 
5 tamahun 

0,1 to 2JQ% by weight of ahmtirdum 

and the rest iron except for atmospheric 
nitrogen combined with the metals as a result 
of melting and heat treatment 

10 The cast iron alloys in accordance with 
the invention display rmcambined carbon as 
lamellar and primarily nodular precipitates. 
There ate also present howaver a large num- 
ber of carbides in a very fine crystalline pre- 

15 dpitated form. 

The sum of die elements carbon and aiEean 
in the alloys in accordance with the invention 
is equal to or greater than 3% by weight 
and due ratio of silicon to carbon is prefer- 

20 ably equal to or greater than one. The sum 
of the elements molybdenum, tungsten and 
manganese should preferably be between 0-2 
and 10% while the sum of the elements 
chromium, vanadium, tantalum and mabium 

25 should preferably be between. I and 10%. 
In addition, it has been found that for 
refining die form of the individual structural 
constituents, more particularly that of the 
graphite, and the nitrides (when present), the 

30 elements boron, bismuth, zirconium, magnes- 
imn and/or the rate-earth metals may be 
added. Their total concentration should not, 
however, exceed the value of 0 J percent by 
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0.9% by weight manganese 
04% by weight chromium 
1,5% by weight vanadium 
0\2% by weight titanium 
0.7% by weight niobium 
0X)1% by wefebx boroir 
022% by weight alnotimum 
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By heat treatment above 7C0°C, Mowed 
by qnencteng far example in air or a salt 
bath to a temperature at below 500 B C» and 
subsequent tempering up to a tempiaatnre of 
7O0°Q, wear resistance and compatibility with 
the wtrnter-maiErifll are grtady Increased. 

The alloys according to the invention have 
a bainitic to m&rtensitic basic structure. The 
ophite predpitaies are lamellar to nodular, 
the carbide precipitates are punedform to 

rical. The hardness of this material at 
5 lies at 350 to 930 Is/mm*. The 
material is not brittle and east sealing strips 
for rotary piston engines are wear resistance 
and in test runs exhibit very good wear 
resistance with the trochoids! surface of the 
rotary piston engine. 

The embodiment example describes one of 
the cast-iron alloys according; to the invention. 
The east-iron melt comprises the elements 

22% by weight carbon 
3.9% by weight sSfcon 
05% by weight phosphorus 
0.08% by weight sulphur 
1.4% by weight copper 
0.6% by weight nickel 
0.2% by weight tin 
1.5% by weight molybdenum 
3.4% by weight tungsten 



and the rest iron. 

After moculation with one of the usual in- 
Qrauants, sealing strips for rotary piston 
engines were cast from the melt using the 
sand mould casting process, the dimensions of 
the strips being 61.03 X8.3X4.95 mm. ' They 
were then annealed for one hour at 850 G, 
cached in an oil bath at room raaperature 
and tempered for one hour at 350"C. 

The sealing strips thus mads had an HV 5 
hardness of 644 to 713 kg/mm 2 . In test 
runs, the sealing strips showed very good 
wear resistance, while the trochoids! rdnnhtg 
surfaces were only slightly affected. 

Figutes 1 to 4 show photomicrographs of 
the cast-iron alloy of the example. 

Figure 1 is the wnetehed specimen at. a 
magiSflcatioo of xlOO, shewing the graphite 
in lamellar to nodular form. _ 

Figure 2 Is the Hastened specimen at a 
magnification of xSOO, showing in addition 
to the dark graphite predpitetes, the finely 
crystalline carbide constituents as light areas 
with a dark edge. 

Figure 3 shows a specimen etched with 
HNO t at a magnificatiDn of XSOO which 
shows, in addition to the graphite jrecmitates 
and the cryswiurie carbide ranaxtuents, the 
bainitic to maittnshic structure. 

Figure 4 shows the phosphide entectic, 
deeply etched, at a magmfkation of X20. 
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WHAT WE CLAIM IS:— . 

1. A wear resistant cast iron aBoy, suitable 
for the construction of machine parte subject 
m Wgh friCdonal saesseB, the alley Contain- va 
ing 

1.5 to 4.0% by weight of carbon 
15 to 6.0% by weight of silken 
less than 02% by weight of sulphur 
less than 2.5% by weight of phosphorus 1 10 
1.0 to 7.0% by weight of copper 
0,4 to 3.2% by weight of nickel and/or 
cobalt 

0,1 TO 1,8% by weight of tm and/or anti- 
mony US 
04 to 4.0% by weight of molybdenum 
0.1 to 4.0% by weight of tungsten 
0,05 to 2.5% by weight of manganese 
0.3 to 2.5% by weight of dnwauaa 

03 to 4.0% by weight of vanadium 120 

0 to 2.0% by weight of titanium 

01 to 4.0% by weight of niobium and/or 
tantalum 

04 to 2.0% by weight of alunMum 



1,482,724 



and fte test iron except for atmospheric 
nitrogen combined forth the metals as a result 
of melting and heat tieotmcnt. 

2. An alloy as dsimtd in Claim 1 modified 
by the addition of up to 0.5% by welgbt in 
total cf one or more of the elements boron, 
bismuth, magnesium, zirconium and rare earth 
metals. • ' 

3. An alloy as claimed la Claim 1 or 2 



which has been subjected to heat treatment 
by annealing above 700 e C } quenching to below 
500°C and then tempering up to a tempera- 
tare of 7Mt 

REDMB & GROSE, 
Agents for the Applicants, 
6 Bream's Buildings* 
London, EG*A 1HN. 



10 



Printed ror Her Mufrtf/s Stationery Ofilee, by the Owrftf fres*, Usjruflswn Spa, IOT7 
Puplbhri by The Patent Office, 25 Southampton Buildings, London, WC2A IAY, from 
which copies may be obtained. 



